Purpose: To identify associations between early implant failure and prosthodontic characteristics that could be used to guide subsequent continuous quality improvement efforts of patient care. Materials and Methods: An implant-level analysis was performed in which data were abstracted from a prospective clinical database of all adult patients treated with implants and followed up from January 2000 through December 2014 at the Department of Dental Specialties at Mayo Clinic in Rochester, Minnesota. These data were used to determine time to implant failure. Associations between prosthodontic characteristics and early implant failure were evaluated with Cox proportional hazards regression models and summarized with hazard ratios (HRs) and 95% confidence intervals (CIs). Results: Among 8762 implants in 2787 patients, 395 (4.5%) failed within the first year of placement at a mean (SD) of 127 (97) days (range, 2-364 days). Univariable analysis showed no associations between early implant failure and use of a cover screw, prosthesis, or definitive or provisional prosthesis at implant placement. Three of 25 single crowns failed, and use of a single crown was significantly associated with early implant failure (HR, 3.94; 95% CI, 1.08-14.35; P = 0.04). This study identified no significant associations between prosthodontic characteristics identified after implant placement and early implant failure. Conclusions: Use of a prosthesis at implant placement, use of a definitive or provisional prosthesis, and early mechanical complications were not associated with increased risk of early implant failure. Quality improvement efforts should focus on aspects of decision making that aim to decrease surgical complications.
Improving the science of care delivery is arguably a fundamental goal of health care reform. 1 Improving care involves changing the structures, processes, and outcomes of care delivery systems. 2 Measurement of important components of care is critical to the process of continuous quality improvement (CQI) 3 and provides the basis for deciding whether to keep, change, or reject tested innovations. 2 As they participate in CQI efforts, health care providers should understand and manage efforts aimed at reducing patient risk and identify care team actions related to reports of harm. 4 Risk identification and management are best accomplished in a proactive, ongoing manner. 5 In major oral reconstruction, factors that lead to implant failure would be appropriate to address as part of a CQI process.
A previous investigation identified an increased risk of implant failure during the first year, 6 and this led to a search for candidate predictors of implant failure that could be targeted in risk reduction efforts, beginning with factors related to demographic characteristics, systemic disease, and surgical manipulation. 7 This study analyzed the association between prosthodontic characteristics and risk of early implant failure.
Materials and methods
This study was approved by the Mayo Clinic Institutional Review Board. Data were abstracted from an oral reconstruction database at the Department of Dental Specialties at Mayo Clinic in Rochester, Minnesota, that includes data from 1983 to the present. The database was created to prospectively collect clinical data for use in practice monitoring and improvement efforts. Prosthodontic, surgical, and dental hygiene providers a priori defined the data fields as clinically important for monitoring decision making and care outcomes over time. 8 Consequently, this is a retrospective cohort study, and each cohort was defined in the prospectively managed database. Data from all patients treated with implants from January 2000 through December 2014 were included in this study for previously described reasons. 7 The prosthodontic candidate predictors of implant failure were modifiable characteristics associated with use of healing abutments (1-stage surgery) or cover screws (2-stage surgery); prostheses at implant placement; the design of the prosthesis used at implant placement; type of prosthesis; and opposing dentition ( Table 1) .
Continuous variables are summarized as mean (SD), and categorical variables are summarized as number (percentage). Associations between prosthodontic candidate predictors of implant failure and early implant failure, which was defined as failure within the first year of placement, were evaluated with Cox proportional hazards regression models and were summarized with hazard ratios (HRs) and 95% confidence intervals (CIs). Duration of follow-up was calculated from the date of implant placement to the date of implant failure or the last follow-up within 1 year of placement. Date of last follow-up was defined as the date of the last evaluation of the prosthesis, last maintenance visit, or last surgical procedure performed within 1 year of initial implant placement. The assumption was made that failure of any implant would be detected during any implant-related visit or activity.
Associations between implant failure and prosthesis-related candidate predictors of failure that were not known at implant placement (such as mechanical complications that occurred during follow-up) were treated as time-dependent covariates in the Cox models. Clustering of multiple implants within a patient was accounted for in the Cox models by using the methods outlined by Lee et al 9 and Lin. 10 Statistical analyses were performed with SAS software v9.4 (SAS Institute Inc., Cary, NC). All tests were 2-sided, and P < 0.05 was considered statistically significant.
Results
The search of the oral reconstruction database identified 8762 implants in 2787 adult patients (ࣙ18 years). The distribution of the number of implants is shown in Figure 1 . Among these implants, 395 (4.5%) failed within the first year of placement at a mean (SD) of 127 (97) days (range, 2-364 days). Candidate predictors known at implant placement are summarized in Table 1 . At placement, most implants received a cover screw (63%) but did not receive a prosthesis (80%). When an implant received a prosthesis at placement (20%), overdenture was the most common design (52%), and a provisional prosthesis (96%) was the most common type. Univariable associations between candidate predictors known at placement and early implant failure are summarized in Table 2 . This study identified no significant associations between early implant failure and use of a cover screw, use of a prosthesis at placement, or type of prosthesis; however, use of a single crown (3 of 25 single crowns failed) was significantly associated with early implant failure (HR, 3.94; 95% CI, 1.08-14.35; P = 0.04). Opposing dentition at placement was not analyzed as a candidate predictor because data were available for only a small subset of implants that received a prosthesis at placement.
Candidate predictors not known at implant placement but identified during follow-up are summarized in Table 3 . Among the 7012 implants that did not receive a prosthesis at placement, 6050 received a prosthesis after placement, but 1401 (23%) of these were not followed after receiving a prosthesis. Therefore, associations between characteristics of the prostheses after placement and early implant failure were not evaluated. No implant fractures were observed, and of the 6050 implants with prostheses, 522 (8.6%) had mechanical complications, most of which (85%) involved screw loosening or cement failure.
Univariable associations between prosthodontic candidate predictors of mechanical complications identified during follow-up and early implant failure are summarized in Table 4 . The analysis showed no associations between these prosthodontic candidate predictors and risk of early implant failure. Of the 962 implants without prostheses, 300 failed and 662 (9.4% of the 7012 implants without a prosthesis) were in patients referred for implant surgery (Table 5) .
Discussion
This study complements a previous study 7 of the same patient population, which showed no significant associations between early implant failure and systemic conditions or medications; however, 3 surgical procedures and any surgical complication were associated with early implant failure. The observed high rate of early implant failure (5.9%), which was 9.8 times greater than the mean annual rate of implant failure determined over a 14-year period (0.6%), was an outcome target selected for improvement. The combined findings from these studies will be useful for establishing CQI efforts to reduce the risk of implant failure and enhance clinical care.
Health care providers are interested in understanding early implant failure; however, many studies of early implant failure have focused on identifying factors unrelated to prosthetic loading. [11] [12] [13] [14] [15] [16] None of them, however, were performed for the same CQI purposes as this study.
This study identified prosthodontic candidate predictors of early implant failure that are related to prosthodontic decisionmaking and may affect wound healing and first-year implantbone dynamics. Consistent with the findings of Chrcanovic et al, 17 the findings of this study show no associations between increased failure risk and submerged (cover screw) vs. nonsubmerged (healing abutment) surgical techniques or implants that received a prosthesis at placement. Additionally, in a systematic review of loading protocols for single-implant crowns, Benic et al 18 reported no significant difference in implant survival at 1 year between immediately and conventionally loaded implants. In the present comparison, the least used prosthesis, the single crown, was significantly associated with risk of failure; however, this finding was determined from a small sample of patients and warrants evaluation of individual cases. 19 No mechanical complications were associated with early implant failure, a finding not addressed in other studies of early implant failure. 11, 12, [14] [15] [16] 20 Mechanical complications affected 6.0% of implants that received a prosthesis within the first year. Loosening screws, including prosthetic and abutment screws, and cement failure comprised most (85%) mechanical complications. In a previous study, mechanical complications were more common than biological complications, occurred late in the clinical course of mandibular full-arch prostheses, and were influenced by cantilever designs. 21 According to this study and the companion study, 7 reduction in surgical complications would produce the greatest improvement in quality, because any surgical complication affected the largest number of implants (78 implant failures were associated with 318 surgical complications) and was associated with the greatest risk (HR, 15.84). 7 Consistent with CQI strategies,
